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(57) ABSTRACT

A thermal shutter system comprises a plurality of elongate
shutters (1). The shutters are mounted for rotation about the
elongate direction thereof and are mounted for movement in
a direction substantially perpendicular to the elongate direc-
tion. Each shutter is movable independently of the other shut-
ter or shutters.
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1
THERMAL SHUTTER SYSTEM

The present invention relates to a thermal shutter system,
for example for windows.

Energy conservation is becoming increasingly important
in the construction industry. Windows are one of the major
areas of heat loss in buildings. Considering the current build-
ing regulations in the United Kingdom, windows can lose up
to 10 times more energy than other building elements. There-
fore, the tendency is to decrease the size of windows. How-
ever, reduction in window size in order to save energy con-
flicts with the desire for larger windows for increased natural
lighting, solar heat gain, ventilation and architectural reasons.
Moreover, old windows may fall significantly below the cur-
rent standards and suffer even more heat loss. Although old-
fashioned windows may offer a pleasant environment in
terms of external view and natural lighting, their poor thermal
insulation properties may necessitate re-glazing. As an alter-
native, retrofitted thermal shutters may be considered to
enhance the thermal properties of such windows while retain-
ing their desirable properties. There is therefore a need to
address the above issues by developing an advanced thermal
window shutter to make a balance between energy efficiency,
natural lighting, ventilation and architectural design require-
ments.

It is therefore an object of the present invention to provide
a thermal shutter system, for example for windows, which
provides energy efficiency irrespective of window size.

According to the present invention there is provided a
thermal shutter system comprising a plurality of elongate
shutters, the shutters being mounted for rotation about the
elongate direction thereof and being mounted for movement
in a direction substantially perpendicular to the elongate
direction, each shutter being movable independently of the
other shutter or shutters.

The shutters may be arranged in pairs of subsidiary shutters
positioned end-to-end. The subsidiary shutters of each pair
may be mounted for independent rotation, but simultaneous
movement perpendicular to the elongate direction. The shut-
ters may be mounted within a frame. The frame may incor-
porate a seal for sealing against a surface to which the frame
is secured.

A seal, such as a brush seal or an elastomeric seal, may be
provided between the shutters and the frame and/or between
adjacent shutters.

The shutters may be mounted for rotation about an axis
positioned adjacent to a longitudinal edge of the shutter. The
axis may be positioned within the shutter.

Alternatively, the shutters may be arranged in planes offset
from the axis about which they are rotatable. In this case, the
shutters may be rotatable to two alternative closed configu-
rations, one in which the ends of the shutters abut against a
seal and another in which the ends of the shutters are spaced
from the seal.

The shutters may be substantially rectangular.

The shutter blades may be opaque, translucent or transpar-
ent. The shutters may be made of or filled with a thermal
insulation material. However, if used primarily as a sun shade
it is not necessary for the shutter blades to be made of or filled
with a thermal insulation material. If desired, the shutter
blades may be provided, at least on one face thereof, with a
solar panel so as to generate all or part of the energy required
for the thermal shutter system to function.

Atleast one face of at least one of the shutters may be made
of or provided with a reflective material.

The shutters may be mounted on a plurality of linear mem-
bers, for example extending within the frame. The shutters
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may be mounted for rotation and for movement relative to the
linear members. A drive mechanism may be provided for the
shutters.

The drive mechanism may, for example, comprise a pick
and place mechanism. The pick and place mechanism may
include a sensor adapted to uniquely identify each shutter of
the system, for example an optical sensor adapted to recogn-
ise a visual code, such as a unique identification code, pro-
vided on each shutter.

Means may be provided for recording the elevation and
degree of rotation of each shutter. Such means may include a
mechanism for controlling the elevation and degree of rota-
tion of each shutter.

For a better understanding of the present invention and to
show more clearly how it may be carried into effect reference
will now be made, by way of example, to the accompanying
drawings in which:

FIG. 1 is a sectional view through one embodiment of a
thermal shutter system according to the present invention in a
first configuration;

FIG. 2 is a sectional view corresponding to that of FIG. 1
with the thermal shutter system in a second configuration;

FIG. 3 is a sectional view corresponding to that of FIG. 1
with the thermal shutter system in a third configuration;

FIG. 4 is a sectional view showing a modification of the
thermal shutter system shown in FIGS. 1 and 2;

FIG. 5 is a perspective view of another embodiment of a
thermal shutter system according to the present invention in a
first configuration;

FIG. 6 is a view of the part of FIG. 5 identified as A on a
larger scale;

FIG. 7 is a view of the part of FIG. 5 identified as Bon a
larger scale;

FIG. 8 is a plan view of the thermal shutter system of FIG.
5;

FIG. 9 is a vertical sectional view along the length of the
thermal shutter system of FIG. 5;

FIG. 10 is a perspective view of the thermal shutter system
of FIG. 5 in a second configuration (a first closed configura-
tion); and

FIG. 11 is a perspective view of the thermal shutter system
of FIG. 5 in a third configuration (a second closed configu-
ration).

The thermal shutter system shown in FIGS. 1 to 4 is pro-
vided over an internal face of an opening, such as a window,
in a building and comprises a plurality of shutter blades 1
which are mounted within a frame 3. The frame 3 may be
secured to an internal face of a building by way of a seal 9 in
order to make the shutter system relatively air-tight. In an
analogous manner, the thermal shutter system may be pro-
vided externally of a building. For example, in hot climates it
may be preferable to mount the thermal shutter system exter-
nally of a building in order that it can act as a solar shade and
decrease the cooling load within the building.

The shutter blades 1 are substantially rectangular and are
each mounted so as to be pivotable about a substantially
horizontal axis positioned adjacent to a longitudinal edge, but
within, the blade. However, it will be apparent that other
pivotal mounting arrangements are possible. It will also be
apparent that the shutter blades could have other configura-
tions, such as curved, and that the pivot axes of the shutter
blades could be upright rather than horizontal. The following
description, however, relates to the pivot axes of the shutter
blades 1 being in a horizontal configuration. FIG. 1 shows the
blades in several alternative positions, namely, substantially
horizontal, substantially vertical and inclined to both the hori-
zontal and the vertical. The shutter blades 1 are made of or
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filled with a thermal insulation material in order to provide
thermal efficiency. For example, the shutter blades may incor-
porate one or more vacuum insulating panels (VIPs). The
shutter blades may be opaque, translucent or transparent. If
used primarily as a sun shade it is not necessary for the shutter
blades to be made of or filled with a thermal insulation mate-
rial. If desired, the shutter blades may be provided, at least on
one face thereof, with a solar panel so as to generate all or part
of'the energy required for the thermal shutter system to func-
tion.

The shutter blades 1 are mounted on a plurality of upright
members 5 in such a manner that the blades are pivotable
about the horizontal axis and such that the blades are movable
upwardly and downwardly relative to the upright members.
The blades may be movable upwardly and downwardly and
may be pivoted by a number of different drive mechanisms.
For example, one or more of the upright members may be
threaded and may engage with a threaded member supporting
a blade such that rotation of the upright member 5 by an
electric motor 7 directly causes the blade to move upwardly or
downwardly. Alternatively, a belt drive may be provided
extending between upper and lower regions of the frame 3 and
engaging with one or more of the blades such that operation of
the belt drive causes the blade or blades to move upwardly or
downwardly. In cases where more than one blade is operated
by the drive mechanism it is preferable that the drive mecha-
nism can be released from each blade separately in order that
each blade can be positioned independently of the other blade
orblades. As a further alternative, each blade may be provided
with its own drive mechanism, including at least one motor
and at least one gearbox for each blade, which drive mecha-
nism is operable independently of the drive mechanism(s) for
the other blade or blades. In another alternative, a pick and
place mechanism 13 is provided which is movable upwardly
and downwardly and is capable of engaging any one of the
shutter blades 1 to move the blade to a desired location. This
alternative is illustrated for information only. A seal 11, such
as a brush seal or an elastomeric seal, may be provided on the
frame 3 between the frame and at least the uppermost and
lowermost edges of the shutter blades 1 and corresponding
seals may be provided between adjacent shutter blades. Bal-
anced movement of the shutter blades may be achieved by
synchronising the gearboxes and motors, for example by
electronic or mechanical means.

It will be clear to the skilled person that at least some of the
various drive means may be used in combination. For
example, each blade may have a set of one or more gearboxes
and one or more driving motors for moving and/or rotating
the blade, but such gearboxes may engage or disengage from
one or more common drives and/or a pick and place mecha-
nism if desired.

The upward and downward movement of the shutter blades
combined with the pivoting movement allow the blades to be
positioned in a number of ways. As shown more clearly in
FIG. 2, the blades may be moved to an upright configuration
in which the thermal shutter system is closed so as to function
as a thermally insulating barrier between the interior of a
building and the window covered by the shutter system. Such
an arrangement reduces heat loss and air leakage from the
building and eliminates glare. Intermediate configurations
may be employed to determine the amount of light entering
the building and the manner in which that light is distributed
within the building. Alternatively, as shown in FIG. 3 the
blades may be moved to a generally horizontal configuration
and one or more of the blades may be used as a light shelf. In
such a configuration, a number of the blades may be stacked
atthe bottom (as shown) and/or the top of the frame 3 with one
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or more of the blades positioned to reflect light into the
building in such a way as to reduce glare. At least the reflect-
ing face of one or more of the blades may be made of or
provided with a suitable reflective material. A reflecting face
is also useful when the shutter blades are being used as a
thermal barrier.

The thermal shutter system shown in FIG. 4 is similar to
that shown in FIGS. 1 and 2 except that a motor and gearbox
assembly 15 is mounted on the upright member 5 between the
upright member and a shutter blade.

The thermal shutter system may be operated manually or
may be operated by way of a control panel, for example
providing a number of pre-programmed settings in addition
to manual and/or user-defined settings. The control system
may additionally identify, memorise and adjust the position
of'the shutter blades based on the time of day and/or the time
of the year and the desired functions.

Each blade may be provided with a unique identification
which enables the blade to be recognised for repositioning.
For example, where a pick and place mechanism is provided,
identification may be effected by an optical device which is
provided on a common driving system and which identifies
eachblade by its identification, such as a unique identification
code. The elevation and degree of rotation of each blade may
be recognised and recorded by one or more local and/or
common positioning sensors.

Thus the thermal shutter system according to the present
invention can function as a solar shade, as a light shelf and
also as a security screen (for example, when a building is
unoccupied). The system is able to reduce energy consump-
tion for heating and/or for cooling a building and is also able
to reduce energy consumption for lighting by functioning as
a light shelf and reducing the need for artificial lighting. The
system is also able to reduce glare, for example reducing glare
in one part of a building while maintaining natural lighting in
another part. The system is also able to provide security for a
building, for example acting as a secondary security device
when windows are left open for ventilation.

The thermal shutter system shown in FIGS. 5 to 11 is
similar to that of FIGS. 1 to 4, but is in the form of a sym-
metrical internal shutter system. The thermal shutter system
of FIGS. 5 to 11 includes a primary gearbox 31 between two
sets of blades 1, and two secondary gearboxes 33 at the sides
of'the system, the gearboxes being synchronised by means of
alateral shaft 35 which is covered with a protective sleeve 37.
Several pairs of blades 1 are provided, the blades being posi-
tioned in an end-to-end relationship and being filled with
suitable thermal insulating material, such as vacuum insulat-
ing panels (VIPs). Each half-blade of a lateral pair of blades
rises and falls simultaneously, but each half-blade is able to
rotate independently of the other. Seals 11 may be provided
between the ends of the half-blades and the frame to provide
a seal between the frame and the blades when the half-blades
are in an upright configuration as shown in FIGS. 10 and 11.
This helps to make the shutter system relatively air-tight (and
weatherproof if used externally).

The gearboxes 31, 33 are movably supported on primary 41
or secondary 43 guide tracks forming part of the frame and
which may be secured to walls of the building or to a second-
ary supporting structure. The rear of the primary guide track
41, facing the window of the building, is insulated and pro-
vided with a cover 45 of low thermal conduction material to
reduce thermal bridging. The fronts of the guide tracks may
be provided with covers 61 where the speed of movement of
the components of the system is sufficiently fast to present
risk of injury when inadvertently touched.
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Electrical wiring and electric/electrical equipment for the
shutter system is located within the primary guide track 41.
Three electric motors are associated with each primary gear-
box 31, with a primary motor 47 being provided to effect
simultaneous rise and fall of the half-blades and a secondary
motor 49 being provided to effect independent rotation of
each half-blade.

As shown in FIG. 9, the gearboxes 31, 33 are mounted on
three leadscrews, two right-hand leadscrews 27 at the sides
and one left-hand leadscrew in the centre (or vice versa). The
blades 1 are fixed to the gearboxes by means of spiders 29
with the result that the blades are located in a plane offset from
the axis about which they are rotatable. A worm 51 and wheel
53 mechanism is used for rotating the blades 1, while bevel
gears 55 and pinions 57 and leadscrew nuts 63 are used,
together with the synchronising shafts 35 to effect rise and fall
of'the blades. As illustrated, leadscrew nuts 63 are attached to
the bevel gears 55. Alternatively, though, the gears 55 may be
made in such a way as to act as, or to accommodate, a lead-
screw nut within the gear. The synchronising shafts 35 are
connected to the gearboxes 31, 33 by way of couplings 59.

In addition to the light shelf and shading/glare protection
functions described above in relation to the thermal shutter
system of FIGS. 1 to 4, because the blades are offset from the
wall or surface to which the shutter system is attached, the
blades 1 can be placed in different configurations (first and
second closed configurations), enabling the fully deployed
(closed) shutters to act in two different modes. These are a
thermally insulating mode as shown in FIG. 10 and a venti-
lating mode as shown in FIG. 11. In FIG. 10 the ends of the
blades 1 contact the seals 11, while in FIG. 11 the blades have
been rotated through 180 degrees and, while closed, there is a
space between the ends of the blades and the frame. In either
case, the security of a building incorporating the thermal
shutter system is not compromised when the building is not
occupied.

The invention claimed is:

1. A thermal shutter system comprising a plurality of elon-
gate shutters (1), the shutters being mounted for rotation
about the elongate direction thereof and being mounted for
movement in a direction substantially perpendicular to the
elongate direction, each shutter being movable independently
of the other shutter or shutters for both rotation about the
elongate direction thereof and also movement in a direction
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substantially perpendicular to the elongate direction, wherein
the shutters (1) are rotatable to provide a first closed configu-
ration, in which the ends of the shutters abut against a seal
(11), and a second closed configuration, displaced 180° from
the first closed configuration, in which the ends of the shutters
are spaced from the seal (11).

2. A thermal shutter system as claimed in claim 1, wherein
the shutters (1) are rotatable at any location along a path of
movement of the shutters.

3. A shutter system as claimed in claim 1, wherein the
shutters (1) are arranged in pairs of subsidiary shutters posi-
tioned end-to-end.

4. A shutter system as claimed in claim 2, wherein the
shutters (1) are mounted within a frame (3).

5. A shutter system as claimed in claim 1, wherein the seal
(11) is selected from a brush seal and an elastomeric seal.

6. A shutter system as claimed in claim 1, wherein the
shutters (1) are mounted for rotation about an axis positioned
within the shutter.

7. A shutter system as claimed in claim 1, wherein the
shutters (1) are arranged in planes offset from the axis about
which they are rotatable.

8. A shutter system as claimed in claim 1, wherein the
shutters (1) are substantially rectangular.

9. A shutter system as claimed in claim 1, wherein the
shutters (1) are opaque, translucent or transparent.

10. A shutter system as claimed in claim 1, wherein the
shutters (1) are made of or filled with a thermal insulation
material.

11. A shutter system as claimed in claim 1, wherein the
shutters (1) are provided at least on one face thereof with a
solar panel.

12. A shutter as claimed in claim 1, wherein at least one
face of at least one of the shutters (1) is made of or provided
with a reflective material.

13. A shutter system as claimed in claim 4, wherein the
shutters (1) are mounted on a plurality of linear members
Q@7.

14. A shutter system as claimed in claim 13, wherein the
linear members (27) extend within the frame (3).

15. A shutter system as claimed in claim 13 wherein the
shutters (1) are mounted for rotation and for movement rela-
tive to the linear members (27).
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